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c = Z0, . . . , Zn
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   [|Zn − c| > λ
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c1, c2 > 0
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 |µt − xt| ≤ Ctρ  ﬀ ^ 
  ½¬½	  °²_q£vwu ]/mZw%mcmZ\_luN_^zo_^tq_ |µt − xt| kw%mu knµ_^kcw7z_^q*s\zoz_*tq_ermoZ\_)®rDzo]










¡TZ\_*tq*_ |µ1−x| = 1−x §°V_Kw£vknr
ZwX©x_ |µt+1−x(t+1)| = |µt−xt+E [(1− Xtt )m]− (1−x)m|
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E [(1− Xtt )m]−
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f(z) = (1 − z)m − 1 + mz kowmouvk}µ_pk |f(z1) − f(z2)| ≤ m|z1 − z2| ¡c®rxz
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pit = E (Pt)
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ρt = E (Rt)
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pit+1 = pit + E [(1− Ptt )m]−E [(1− Ptt − Rtt )m],














p = (1− p)m − (1− p− r)m.
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|pit+1− p(t+1)| = |pit− pt+E [(1− Ptt )m]− (1− p)m−{E [(1− Ptt + Rtt )m]− (1− p− r)m}|
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t − Rtt )m]− (1− p− r)m
u twzomk.mZw%m¨wxzo_)\zrxNrxzomou rxtwx£mr-_*umoZ\_^z





















X2t ∼ (p+ r)t
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E (Xt+1) = E (Xt) + E [(1− Dt2mt )m],
E (Dt+1) = (1 +
1
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V \ S rGl_*Dzo_^_ km+ 1 §   Z 6= ∅ mZ\_*t~wx££¢©D_*zomouvq_^ku t Z wz_wx\l_p






















































































































E (Y it+1 − Y it | Ed)
¦ji·mZ\__«l\z_^kknu rxtgQ
∑
C(h0, . . . , hd, 0, . . . , 0)
m!












n − d r(cZ\uvqﬃZ±wxzo_V*_^zor¡cmoZ\_ kos\] uvkr%©D_*z
wx££.NrDkknu ¦\£ _rDzl_^zo_p²mos\£_pkr©%w£ s\_^k
h0, . . . , hd
knsqﬃZ moZwm
∑d
































































s = n−1 moZ\_¨t\_*c£ i-qz_^w%m_^7©x_^znm_«7r?l_^xz_*_ n ](sknm


































E (Xt+1 −Xt) u kcwx\\zrX«lu]-w%m_*£ i-_Tswx£9mor
kmE (Y n−1t )
2t + E
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Γ(vt)∩P = ∅ ¡ vt u k.wx\\_^mr P ¡lwtji7©x_*zomo_*«-ut Γ(vt)∩Ri ¡T®rxz i < h− 1 u kB]r%©x_^












Pt = |P| §QYZ\_)_«lN_^qmo_^"qﬃZwxt\x_pk.utmoZ_^ko_©Xwxzouvw¦£_pk.kw%mu kn®i






E (Rit+1) = E (R
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t )(1− Ptt )m−1]
mZ\_*z_®rDzo_D¡jB_ZwX©D_
Pt ∼ pt cZ\_*z_ p kw%mu knµ_pkQ
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j>i j|Vj | ≥ d
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mﬃwxqﬃZ\]_^tDmc]rll_*£ﬀA.\zr%©x_p-moZw%m |Vi| = tni +O(
√
t log t)
w\§ w\§ k*§ ®rxzwxtTi










































































































































































¡\mZ\_(ko_mrx©D_*zomouvq_^k {1, ...., s} u kmZ\_]rDknm£ u¶D_*£ i·mor·\rx]utw%mo_D§ _rxz
m ≥ 2 moZ_£r%._*zc¦Nrxst\kKut~Yw¦\£ _OC(wxzo_)mZ\rDko__^knmwx¦\£ u koZ\_^u t"moZ\uvkK.wXiD§.YZ\_(\zorjrxÇkwz_xu ©x_^t
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f(m, d) = 1
]HMhﬁ ﬂﬁ4D ﬀ ^  ﬀﬁH"1































1, 2, . . . , t
§ YZ\_
wxzoDs\]_*tTmu kwDk.®rx£ £r%kcQ
?Çu A ?_m S∗ = [s] = {1, ..., s} ¡j£ _m |S| = s ¡\moZ\_^t


(S dom. S) ≤   (S∗ dom. S∗) §
?ÇuuﬀA0_\rDz










(S∗ dom. S∗) = O(ct) §

















1/((t− 1)!)m §D?QPG_*zomo_*« v0 ZwDk m £rjrDkhA§
+eu ©x_^tw·wzomoumou rxt
(S,S) r [t] cu­mZ |S| = s ¡9£ _m u ¦N_(mZ\_kn]-w£ £ _^knmK_*£ _*]_^tDm u = vi ∈ S knsqﬃZ
mZw%m{moZ\_Kt\_«jm{©D_*zomo_«
v = vi+1 ∈ S u t-mZ\_twmos\zﬃw£rxzﬃl_*zut 1, 2, . . . , t §   u lrj_^kQt\rm{_*«lu knmQmoZ_*t













 ﬀﬂﬁﬃ !"$#ﬃﬀ%ﬀ'&()*ﬀ,+.-'/01324ﬁ C
°²_lrmZ\uvkK¦ji~koZ\r%cu t\-moZw%m)®rxze_*©D_*ziDzwx\Z
G ∈ {S dom. S} ®rxzecZ\uvqﬃZ~moZ_kowl_pk}mzor%ilk
mZ\_lrD]7u twxtq_)\zrxN_*zom}ix¡ju _x§




H 6∈ {S dom. S} AcZu qﬃZ ¦_pqrx]_pk(DrTrl rDt ko.wx\\u t\
?







Zwxk ¦_^_*tawD\l_p¢§?_m S ¦N_.moZ\_luvk}mut\Ds\uvknZ\_p(ko_mp§*¬_*m  ~l_*trmo_BmoZ_.kos\¦ko_mﬁr G cZ\uvqﬃZ(uvkxrjrl
®rDzc¦rxmoZ S wt S ′ ?Çu_D§   = {G : S dom. S} ∩ {G : S ′ dom. S ′} A.wt"kou]u £ wxzo£ i  ,   ,  Q¡
kor-mZw%m  u k¨moZ\_7kn_*m¨rQDzwx\ZkccZu qﬃZwxzo_(xrjrl®rxz
S




φ : G → G kosqﬃZ·mZw%m φ(   ) ⊆  .§  m
®rD££ r%kBmoZwm
|{G : S dom. S}| = |    |+ |   |
= |    |+ |φ(   )|




















(x) ∩ [v + 1, ..., n] wt o(x) = rDslm (x) = rxslm (x) ∩ [1, ..., v] §
?_m
i′(u) = i(v), i′(v) = i(u)
§
 ]"ﬂﬁ4 ﬂﬁ41T  ( 3
(v, u)
 ?_m























_^lD_^k¦N_ {ek, k ∈ K} cZ\_*z_ K ut\_«l_^kmZ\_*u z
rlq^qs\zzo_^tq_pk.ut
(e1, ..., em)
§ ¬_*m {fk} ¦N_)moZ\_)rDslmn¥´_^lD_^krx u cumoZmoZ\_kw]_)u tl_«kn_*m^§
?_m
























































o′(u) = o(v) − {ek}+ {fk} §GYZjsk H u kxrjrl¢§






























1− (1− sv )m)




1− (1− sv )m) dv
= exp(1 + o(1)) dt
∫ 1
d x
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f(m, d) = 1
]HMhﬁ ﬂﬁ4D ﬀ ^  ﬀﬁH"1










m = > ? @ A B C
d(m) D
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(G) 6=   (φ(G)) ¡9wt"korx]_q*wz_)u kt\_*_pl_^morr%©D_*zﬃqrx]_










































wzomouvw£?wu zou t\ L u k¨moZ_awxznmu wx£?wxuzu t\·rxt 1, ..., k ¡mZ\_(zu xZTmKwxznmu wx£?wxuzu t\ R uvkmZ\_7wzomouvw£
wu zou t\7rxt
k + 1, ..., 2n
¦NrmZrxcZu qﬃZ]-wXi·ZwX©x_)korx]_qrx]\£ _m_^_^lD_^k^§>=¯®s\znmZ\_*z¨]wmqﬃZ\u t\
rx s\twu zo_pNrxu tTmkc¦N_m}._*_^tmZ\_wxznmu wx£¢wu zou t\Tk.q*rx]\£ _m_^k P §{gj_^_:Ñ<;?®rxzc]rxz_l_mﬃwu £;§
=Kk7sknsw£c£ _m





































































(k − 1) ¥=moZ zuDZTm_*tlNrxu tTm(ZwX©D_-£ wx¦_^£













































2n− (2(k + 1) + s+ a1 + a2) £ wx¦_^£ k^§  t_*umoZ\_^z¨q*wDkn_
FR,L =
(
2n− (2(k + 1) + s+ a1 + a2)
s+ a1 + a2
)




FL = (2k + s− 1)(2k + s− 2)(2k + s− 3)
(
2k + s− 4
s
)




FL = (2k + s− 2)(2k + s− 3)(a1 + 1)
(
2k + s− 4
s
)
Φ(2(k − 2)). ?I5A
YZ_µzknmm}.rmo_*z]-krxtmZ\_·zuDZTmwxzo_®rDz
















































S′ = S + u − v ? S′ \rT_pkt\rxmalrD]7u twmo_ S′ A¤§bKs\z(wx\\zrDwDqﬃZVuvkmr~wzomoumou rxt   u tDmrko_mk C
cZu qﬃZZwX©x_emZ\_\zrxN_*zom}i 

(C) ≤   (φ(C)) §  tzo_^wzﬃw%murDt·®rxzmZ\uvkcB_)t\rxmo_RQ
?_m
σ = dn/ logne ¡\£_*m
BI = {G : ∃i ≥ σ kosqﬃZmZw%m G Zwxkcwmc£_pwxknm7_plx_pk (xi+1, xi)}













(S dom. S) ≤   (S ∪ [σ] dom. S \ [σ]).
YZjsk._)t\_*_prxt\£ iqrDtkou l_^zknwkBrDt
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,+.-'/01324ﬁ 4C
£ _m
Bu =
  ∩ (BI ∪ BII),
wxt£_*m
Cu = {G ∈   : tr-_^lD_ (v, u)}.
YZ_\zrTrx®rDz
C


























e ∈ α2 mZ\_*t
G(a1, α2 − e) lrj_pk¨t\rxmKkw%mouvkn®i S \rx]utw%mo_pk S ¡9¦\slm G(a1, α2) lrj_^k^§  mKuvk Ts\umo_arTkokou¦£_mZw%m
α2 = ∅ _*§rDt\£ i-rxslm (v) lrD]7u twmo_^kkorx]_mZ\u t\(rDz v lrD]7u twmo_^kBumko_*£}§ ¬_m α1 = a1 + β2 §!)Q©x_^zoi
G(a1, a2)
Zwxkcwm£_pwxknmrDt\_)]ut\u ]-w£¬Dzwx\Z¬§ﬁ°²_)®rxz]/moZ\_ko_m
G(a1, a2) = {G(α1 − I, α2 + I) : I ⊆ α1}.
YZjsk
G(a1, a2) = {G(α1, α2), ..., G(a1, a2), ..., G(∅, α1 + α2)} §G°²_q£vwu ]/moZwm
?®uﬀA +eu©D_*t
G(a1, a2) ∈ A moZ\_^t G(α1, α2) u ks\t\u Ds_x§
?ÇuuﬀA




G(a, b), G(a′, b′)
wxzo_luvk}mutq¤m]utu]-w£?xzﬃw\ZkBmZ\_*t















α2 6= ∅ § =¨k α2
uvkB]7u t\u ]-w£moZ\_^zo_Ku k.knrD]_¨_^\x_









































α1 = a1 + β2
¡kor


































(G(b1, b2)) = c(b1 + 1),
 
(G(b2, b1)) = c(b2 + 1).
=Kk
G(α1, α2) = {G(α1, α2), ..., G(α1 − I, α2 + I), ..., G(∅, α1 + α2)} ¡\B_)ZwX©D_
 














ZwDk?mZ\_kowx]7_B\zrx¦wx¦\u£ um}i)wDk {G(α2, α1), ..., G(α2+I, α1−I), ..., G(α1+
α2, ∅)} ¡\wtmoZjsk
 







(α2 + α1 − j + 1)
= c
(







(φ(G(α1, α2)))−   (G(α1, α2)) = cα22α1 ≥ 0
wDkzo_ Ts\uz_^¦ji ?ÇA¤§
_u tw£ £ i·B_e_«l\£vwu tmoZ\_)x_^t\_*zﬃw£ u ^w%murDt·r?moZ\uvkc\zrjr¬mrkq*wx£_*¥;®z_*_Kxzﬃw\ZkBrx?rxs\mn¥Øl_*Dzo_^_































































(v1, ..., vt−1)) =
2m(t− 1)



























































(S∗ dom. S∗) = exp
t∑
dt+1
























































C^ŁDŁxŁDŁ 5 XTl§ ŁDN5 xKX5\§WCp 
ŁDŁxŁDŁ <Xbx\§ 5 NbNb j§ 5xŁ4C
5xŁDŁxŁDŁ CNCXK5N5§ Rb bRbDx\§ÑKbNb
XDŁDŁxŁDŁ CXTNbxŁ§ 5RbKX CRC l§WCx
ŁDŁxŁDŁ Ccb x\§ XRXRb CcX CX§ Ł K5
. . .






y = 0.374509x− 0.214185 ®rDz
mZ\_zﬃwtlrD]xzﬃwZq^wxko_x¡wxt
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ﬃ(§=¨£rDt¬¡ §U§¢gjN_*tq*_*zp¡9wxt"yﬁ§ ){zTk*§ ﬁH  1R-3N-ﬀ  )IM  ﬂﬁ4.%§ DrxZtL° u£ _*i/gjrxtk*¡
CpxTl§
: ;












 "% Kﬀ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%ﬀx¡\\ Cp  CpKX¡TŁDŁD\§
: 5K; =(§ .wxzwx¦xkouDwxt§=¨£¦N_*zom^§ )Q]_*zx_^tq_Brkq*wx£u t\u t(zﬃwt\rx]¯t\_m}.rxz¶lk*§H&(MI"(Mh*¡xKbD4QÑŁD
4Cp\¡ C^xD\§
: XN; )¨§=(§B_^tl_^z.wxt )§l§\`.wtlµ_*£v¢§?YZ\_)wxkoij]7\mormu qtTs](¦N_*z.r?£vw¦N_*£ _^-Dzwx\Zk{cu­mZxu ©x_^t
\_*xz_*_ko_Ts\_^tq_pk*§   ¬¡P= XHQÑD5xŁ l¡4C^ b§
: ; e§ .rD££ rx¦Dk*¡ba§curDzwt¬¡ §gjN_*tq*_*zp¡wt +7§NY?skotDlix§QYZ\_\_*xz_*_ko_Ts\_^tq_rxﬁwkq*w£ _¥
®z_*_zﬃwtlrx]/Dzwx\Zzorlq_pkok^§ *&¡ Ccb4QÑ \xŁ¡DŁDŁ4CD§
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: <; )¨§¢`Brlqﬃ¶%wXijt\_x¡g¢§ +erjrll]-wt¬¡Nwt~g¢§PU_pl_mt\u _*]u;§D= £u t\_^wxzKwx£Drxzu­mZ\]/®rxz¨moZ\_alrx]u tw%murDt
tjs\]a¦_^zrﬁwamoz_*_x§  ] ﬁ¡HXHQ XHC XNX¡PCp \§
: bK;(`K§?`BrjrxN_*zp§YZ\_wx_7knN_^q*u­µNqal_^xz_*_7lu knmozu ¦\slmou rxtVrQ._*¦l¥´xzﬃwZk*§gjs\¦]7umnm_^mor~`Brx]a¦\u­¥
tw%morDzouvq*ky{zorD¦w¦\u £ u­m}i·wxt~`Brx]\slmut\¡ŁDŁDl§
: K;(`K§9`BrTrD_^zwt =§P_\zu_^*_x§]=¯D_*t\_^zwx£¢]7rll_^£¢rﬁB_^¦Dzwx\Zk^§a&)¡DQ 54CRC 5R5D\¡DŁDŁN5\§
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XT4Q R5KX jDDl¡PC^xRb\§
:WCc5K;)d §N§ +)wz_*iwt 	 §9g¢§  DrxZ\tkorxt?§cgjmozrxt\%ﬃ¨yG¥}`BrD]\£_*mo_^t\_^kkz_^kos\£mkcQ.dLrxmou ©%w%mou rxt?¡_«\wx]a¥
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ﬃ¡4Q 5HC 5Nb\¡lŁDŁ4CD§
:Ñ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lrD]7u twmou rxtut"xzﬃwZk*§
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